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Abstract—We examined variation in 18 cranial dimensions among three 
disjunct populations of white-tailed deer (Odocoileus virginianus) in the Pacific 
Northwest to test the hypothesis that they represent a single taxon. Previous 
allozyme analyses indicated considerable variation among the three popula- 
tions, but genetic divergences were less than conventional benchmarks used to 
distinguish subspecies. We observed substantial variation in cranial dimensions 
among the three populations that graphically sorted into three distinct morpho- 
logical groups and corresponded with east-west and north-south geographical 
gradients. Specimens of the northwestern white-tailed deer (O. v. ochrourus) 
from northern Idaho had longer and broader skulls than did Columbian white- 
tailed deer (O. v. leucurus) from the lower Columbia River or southwestern 
Oregon; specimens from southwestern Oregon had shorter rostra and narrower 
crania than those from the lower Columbia River. Even after controlling for 
differences in size related to age or sex, specimens from southwestern Oregon 
were relatively smaller animals with shorter faces and narrower posterior por- 
tions of the skulls than specimens in the other populations. These results do 
not support the hypothesis that the three groups represent a single taxon, nor 
do the results support the current taxonomy. Sample sizes were insufficient to 
fully evaluate if designating the three populations as distinct subspecies is war- 
ranted. Still, the three populations show considerable morphological and ge- 
netic variation, remain disjunct and isolated from each other, and likely are 
evolving along different trajectories because of geographical variation in hab- 
itat. 
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The Columbian white-tailed deer (Odo- 
coileus virginianus leucurus [Douglas, 
1829]) is one of three currently recognized 
subspecies of Odocoileus virginianus (Zim- 
mermann 1780) indigenous to the western 
United States (Smith 1991). Historically, 
Columbian white-tailed deer (CWTD) oc- 
curred throughout most of western Oregon 
and southwestern Washington lowlands, as- 
sociated with riparian vegetation of broad 


river valleys (Douglas 1829, Smith 1985). 
Extensive development of western Oregon 
following European settlement led to extir- 
pation of CWTD from most of its historic 
range, including the Willamette Valley of 
west-central Oregon (Smith 1985). Jewett 
(1914) and Bailey (1936) concluded that 
CWTD survived in the Willamette Valley 
until late in the 19" century. Today, its dis- 
tribution is limited to two isolated popula- 
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Fig. 1. Historic (stippled areas) and current (open circles and cross-hatching) distributions of Columbian 
white-tailed deer, Odocoileus virginianus leucurus Douglas (Smith 1985, 1987), and current distribution of 
Northwestern white-tailed deer, O. v. ochrourus Bailey, in Oregon and Washington (Johnson and Cassidy 1997, 
Washington Department of Fish and Wildlife 2000, Oregon Department of Fish and Wildlife, unpubl. data). 


Note that the Umpqua River branches into the North and South Umpqua rivers. 


tions: one along the lower Columbia River 
composed of several subpopulations that 
occur on several islands upriver from a 
Washington mainland subpopulation; and a 
second in the interior valleys of the Ump- 
qua River in Douglas Co., Oregon (Fig. 1). 
The CWTD remains allopatric with the oth- 
er two western subspecies; the nearest, 
northwestern white-tailed deer (O. v. och- 
rourus Bailey 1932), is about 300 km east 
of the current range of O. v. leucurus (see 
Smith 1985, 1991). 

The limited distribution of CWTD and 
imminent threat to remaining habitat 
prompted the U.S. Department of the Inte- 
rior, Fish and Wildlife Service (FWS) to list 
O. v. leucurus as endangered in 1967 in the 
Federal Register (32 FR 4001). The Colum- 
bian White-tailed Deer National Wildlife 


Refuge (CWTDNWR) was established in 
1972 and the Douglas Co. population was 
included in the listing in 1978 (Smith 
1985). Since then, much effort has been ex- 
pended toward recovery of the endangered 
populations, but the process has been slow 
and arduous (Doremus and Pagel 2001). 
The FWS developed a recovery plan with 
specific goals and measurable objectives, 
including information needs, to help the 
CWTDNWR and Douglas Co. populations 
recover (Columbian White-tailed Deer Re- 
covery Team 1983). Numerous studies doc- 
umented the status and provide information 
on the population ecology of CWTD (Gav- 
in 1979, Suring & Vohs 1979, Dublin 1980, 
Gavin et al. 1984, Smith 1985, 1987; Ricca 
2000, Whitney 2001), but little attention 
was given to the taxonomy or genetic in- 
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tegrity of CWTD populations (Gavin & 
May 1988). 

The original taxonomic description of 
CWTD was based on specimens collected 
from near the mouth of the Columbia River 
and from the lower Willamette River 
[=falls at present-day Oregon City, Clack- 
amas Co., OR] (Douglas 1829). Douglas 
(1914) reported CWTD throughout the cen- 
tral river bottomlands of western Oregon, 
perhaps as far south as the Umpqua River 
valleys (in what is now Douglas Co.). 
Crews (1939) extended the range south to 
Grants Pass, Josephine Co., Oregon. To our 
knowledge, however, the relationship be- 
tween deer from Douglas Co. and deer from 
the region of the type locality was never 
rigorously examined. When Bailey (1932) 
described the northwestern white-tailed 
deer (O. v. ochrourus), he compared the 
type specimen to white-tailed deer collected 
by Jewett (1914) from Douglas Co. rather 
than to deer collected near the type locality 
of O. v. leucurus. Clearly, data supporting 
the original descriptions of these two taxa 
were limited. = I 

Gavin & May (1988) evaluated the tax- 
onomic status of CWTD by comparing al- 
lozymes from 35 loci among multiple pop- 
ulations of white-tailed deer representing 
three subspecies, including O. v. ochrourus. 
They concluded that genetic distance be- 
tween the two CWTD populations and be- 
tween each of the CWTD populations and 
populations of O. v. ochrourus in Washing- 
ton and Oregon was less than the difference 
of two putative subspecies of widely sepa- 
rated geographic regions. Gavin & May 
(1988) did not observe a consistent pattern 
of differentiation at several loci; rather, their 
conclusions were based on variation at a 
single locus. Moreover, they recommended 
that an examination of additional evidence 
should occur before assigning subspecific 
status to any putative populations of 
CWTD. The purpose of this paper is to 
evaluate the taxonomy of O. v. leucurus by 
use of morphometric data. Our objectives 
were: 1) to quantitatively characterize cra- 


nia of white-tailed deer from Douglas Co., 
Oregon, the CWTDNWR, and the historic 
range of northwestern white-tailed deer; 2) 
to determine if significant variation in cra- 
nial features exists among the three groups; 
3) to compare findings of this morphologi- 
cal investigation to earlier findings based on 
genetic distance among the populations 
(Gavin & May 1988); and 4) to use the re- 
sults of this study to test the working hy- 
pothesis that white-tailed deer in the three 
populations belong to a single taxon. 


Materials and Methods 


We examined crania of adult white-tailed 
deer from northern Idaho (7 = 6 females, 12 
males), the Columbian White-tailed Deer Na- 
tional Wildlife Refuge (CWTDNWR; Gavin 
& May 1988) in Washington and Oregon (n 
= 65 females, 52 males), and from Douglas 
Co., Oregon (n = 80 females, 49 males; 
Smith 1982). Samples from northern Idaho 
are museum specimens; age was determined 
by toothwear (Severinghaus 1949, Larson & 
Tabor 1980, Gee et al. 2002). Tom Gavin col- 
lected samples from the CWTDNWR (Gavin 
& May 1988); age was determined by num- 
ber of tooth cementum annuli (Scheffer 
1950). Samples from Douglas Co., Oregon, 
were collected by Winston Smith (1982); age 
was determined by either number of tooth ce- 
mentum annuli or by toothwear (Larson & 
Taber 1980:154, Gee et al. 2002). Eighteen 
measurements (Fig. 2, Table 1) were recorded 
for complete crania. Many specimens were 
recovered dead along roads, and had dam- 
aged crania because of collisions with vehi- 
cles, which resulted in incomplete datasets for 
these animals. Gavin recorded all measure- 
ments. Because growth in deer does not be- 
come asymptotic until about 4 and 6 years- 
of-age for females and males, respectively, 
missing measurements were not estimated. 
We used data only from complete crania in 
statistical analyses. 

Females were sorted into three age clas- 
ses for each collection area: age class | con- 
tained 2—2.9 year olds, 2 contained 3-3.9 
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Fig. 2. Cranium of female white-tailed deer (Odocoileus virginianus: OSUFW [Oregon State University. 
Department of Fisheries and Wildlife mammal collection] 1140) illustrating dimensions recorded. 1, basilar 
length, 2, palatilar length, 3, length of upper molar series at alveolus, 4, breadth between M3s, 5, postpalatal 
breadth, 6, maxillary breadth, 7, zygomatic breadth, 8, height of foramen magnum, 9, width of foramen magnum, 
10, mastoid breadth, 11, length of external nares, 12, breadth of external nares. 13, nasal length, 14, least nasal 
breadth, 15, greatest nasal breadth, 16, least interorbital breadth, and 17. breadth of braincase. The last dimension 
recorded was 18, depth of rostrum (not illustrated), which was measured with the cranium resting on a flat 
surface. It is the distance from the dorsal side of the premaxillae to the flat surface. Scale bar equals 10 cm. 
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year olds, and 3 contained =4 year olds. 
Males were sorted into four age classes for 
each collection area: age class | contained 
2—2.9 year olds, 2 contained 3-3.9 year 
olds, 3 contained 4-5.9 year olds, and 4 
contained =6 year olds. 

Data were analyzed in SPSS 10.0.7 for 
Windows by use of the General Linear 
Model within a Multivariate Multiple Anal- 
ysis of Variance (GLM MANOVA) and Ca- 
nonical Discriminant Function Analysis 
(CDFA) with jackknife classification of 
specimens (Hair et al. 1987, McLachlan 
1992). Age classes were designated as co- 
variates because age was not a primary fac- 
tor in acquiring specimens (Hair et al. 
1987). Sample location (n = 3) and sex (a 
= 2) were treated as factors. Significance 
level was P < 0.05. 

Initially, a GLM MANOVA was per- 
formed only with specimens having com- 
plete datasets (4 females and 2 males from 
Idaho, 14 females and 15 males from 
CWTDNWR, and 29 females and 10 males 
from Douglas Co., Oregon). The. GLM 
MANOVA was repeated after data for each 
specimen were standardized by dividing 
each measurement by the area of its fora- 
men magnum (A = 0.257-width-height) to 
remove effects of size (Radinsky 1967) and 
to examine differences in shape of crania 
among collection areas. A CDFA was per- 
formed on standardized data present for the 
1] dimensions deemed significant in the 
second GLM MANOVA for distinguishing 
specimens among the samples (6 females 
and 3 males from Idaho, 20 females and 22 
males from CWTDNWR, and 38 females 
and 11 males from Douglas Co., Oregon) 
to present a pictorial representation of sep- 
aration for specimens from the 3 localities. 


Results 


There was substantial variation among 
populations in cranial dimensions (Table 1). 
The initial GLM MANOVA of the original 
data indicated that significant differences (F 
= 3.673-123.501, df = 2) among speci- 


mens from the 3 sample areas occurred for 
all variables (Fig. 3A). When the interac- 
tion of collection area and sex was consid- 
ered, however, only basilar length, least in- 
terorbital breadth, zygomatic breadth, and 
mastoid breadth were significantly different 
(f = 3.256-9.487, df = 2). The second 
GLM MANOVA of the standardized data 
set indicated significant differences (F = 
3.772—13.911, df = 2) in the shape of the 
skulls for specimens among the three sam- 
ples involving the following variables: bas- 
ilar length, nasal length, breadth of the 
braincase, greatest width of nasals, least 
width of nasals, mastoid breadth, length of 
upper molar row, maxillary length, palatilar 
length, depth of rostrum, and width of ex- 
ternal nares (Fig. 3B, Table 2). Values for 
these 11 standardized variables for speci- 
mens from the three samples were analyzed 
in CDFA (Fig. 4). The axis for Function 1 
accounted for 71.4% of the variation in 
specimens among the areas and was related 
to skull shape. The axis for Function 2 in- 
corporated the remaining variation (28.6%) 
in cranial dimensions, which was associated 
with overall skull size. All specimens from 
area 1, 85.7% of specimens from area 2, 
and 93.9% of specimens from area 3 were 
correctly classified into their a priori 
groups. Furthermore, in the plot of axes 1 
and 2, with the exception of four individ- 
uals, three distinct groups were formed 
(Fig. 4). Even after controlling for differ- 
ences in size related to sex and age, speci- 
mens from area 3 are distinguishable in the 
first axis from those in areas ] and 2 by a 
combination of shorter basilar and nasal 
lengths, and narrower braincase and least 
width of the nasals (Table 1). On the second 
axis, specimens from area | are distinguish- 
able from those in areas 2 and 3 by having 
longer basilar lengths and broader braincas- 
es. They also have narrower faces (as in- 
dicated by the narrower least width of the 
nasals) than specimens from area 2. Thus, 
it is apparent that even with size based on 
age and sex accounted for, specimens from 
area 3 (Douglas Co., Oregon) are still rel- 
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atively smaller animals with shorter faces 
and narrower skulls than those specimens 
from either area | (northern Idaho) or area 
2 (CWTDNWR). 


Error 
df. = 67 
0.009, 
0.001 


Discussion 


Assumptions and limitations of analy- 
ses.—Although we collected a reasonably 
large number of skulls from each of the lo- 
calities, incomplete data from many speci- 
mens substantially reduced our sample sizes 
for statistical analysis, especially specimens 
assigned to O. v. ochrourus. Small sample 
size can be problematic, especially for 
MANOVA where statistical power is easily 
compromised (Johnson & Wichern 1998). 
In addition, departure from normality, an 
important assumption of MANOVA, occurs 
more frequently with small sample sizes. 
Fortunately, MANOVA is relatively robust 
to violations of assumptions in many cir- 
cumstances (Johnson & Wichern 1998). 
Also, because of the large effect size (dif- 
ferences among means of treatments) 
among populations with many cranial di- 
mensions, statistical power probably was 
not an issue in our analyses. Comparison- 
wise error rates ranged from 0.013 to 
0.0001 (Table 2). 

Small sample size also contributes to 
classification bias in CDFA, a consequence 
of which is an overestimate of divergence 
among taxa (Lance et al. 2000). In this 
study, we used the results of CDFA strictly 
for illustrative rather than analytical pur- 
poses. Still, we used a less biased jackknife 
technique for subsequent classification of 
specimens (Hair et al. 1987, McLachlan 
1992, Johnson & Wichern 1998, Lance et 
al. 2000). 

Cranial variation and taxonomy.-— The 
taxonomy of white-tailed deer, like that of 
most of the North American mammal fau- 
na, predates development of genetic tech- 
niques and consequently early descriptions 
of taxa were based on variation of morpho- 
logical attributes, especially cranial char- 
acteristics (e.g., Ovis canadensis, Cowan 


= 6 


df: 
3.71, 0.003 


Corrected model 
0.003, 0.001 


o 


= 2 


0.040 


d.f. 


Value = 0.449 


f = 1.60 


df, =3 


Collection locality + Sex 
P 


0.001 
5.16, 0.008 
Value = 0.088 
f = 7.74 


af. 


P 


df = 2 
= 32 
0.0001 


Collection locality 


0.001, 


I 


Sex 


af. 


Value = 0.269 


f = 8.82 
af. 


p = 0.0001 


2.65 


Ape class 
df, = | 
Value = 0.550 


p = 0.004 
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Table 2.—Continued. 
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STANDARDIZED ZYGOMATIC 


BREADTH (in mm) 


0.58 
STANDARDIZED BASILAR LENGTH (in mm) 


0.78 0.98 1.18 1.38 


A. Plot of basilar length and zygomatic breadth illustrating a decrease in size of female and male 


white-tailed deer (Odocoileus virginianus) from northern Idaho (females W, males LJ), the Columbian White- 
tailed Deer National Wildlife Refuge in Washington and Oregon (females A, males A), to Douglas Co., Oregon 
(females @, males ©). B. Plot of standardized basilar length and standardized zygomatic breadth illustrating the 
same relative sizes for female and male white-tailed deer (Odocoileus virginianus) from the same collection 


areas. 


1940). Much of the historical taxonomy of 
species and subspecies lacks an adequate 
quantitative basis and reflects a typological 
view inconsistent with an evolutionary per- 
spective (Ball & Avise 1992, Wehausen & 
Ramey 2000). Recent developments in mo- 
lecular biology (e.g., Cook et al. 2001) and 
statistical analyses (e.g., Steppan & Sulli- 
van 2000) have changed the way mammal- 
ogists do systematics, which in many in- 
stances has resulted in revisions of existing 
taxonomy (Steppan & Sullivan 2000, We- 
hausen & Ramey 2000, Cook et al. 2001). 
Still, morphometry can be a useful tool in 
elucidating evolutionary and taxonomic re- 
lationships (Wehausen & Ramey 1993, 
Genov 1999, Molina & Molinari 1999), es- 
pecially when used in conjunction with ge- 
netic data (e.g., Wehausen & Ramey 2000). 

We used variation in cranial morphology 
to test the hypothesis that deer in the three 
populations belong to a single taxon. This 
hypothesis was proposed on the basis of al- 
lozyme variation among three white-tailed 
deer populations (Gavin & May 1988). The 
results of our analyses indicate significant 
variation among the three populations for 
several cranial dimensions (Table 2). Thus, 


our results do not support the current tax- 
onomy, which implies that white-tailed deer 
from the lower Columbia River and Doug- 
las Co. (O. v. leucurus) are similar, yet dis- 
tinguishable from white-tailed deer in east- 
ern Oregon, eastern Washington, and Idaho 
(O. v. ochrourus). Rather, our results clearly 
delineate three distinct morphological pop- 
ulations (Fig. 4, Table 2) rather than a sin- 
gle unified taxon. 

Similar geographical variation in cranial 
dimensions has been reported for bighorn 
sheep, Ovis canadensis Shaw (Wehausen & 
Ramey 1993, 2000), wild boar, Sus scrofa 
Linnaeus (Genov 1999), black bear, Ursus 
americanus Pallas (Kennedy et al. 2002), 
and other white-tailed deer (Molina & Mol- 
inari 1999). The key issue in interpreting 
cranial variation in the context of subspe- 
cific taxonomy is whether the morphologi- 
cal variation is indicative of corresponding 
genetic divergences; or, whether it is largely 
ecophenotypic variation that resulted from 
regional differences in habitat or other en- 
vironmental differences (Wehausen & Ra- 
mey 2000, Kennedy et al. 2002). Some taxa 
(e.g., black bear) show clinal variation, i.e., 
significant correlations between skull mor- 
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DISCRIMINANT FUNCTION II 


-3 -2 -1 0 1 2 3 
DISCRIMINANT FUNCTION | 


Fig.4. Canonical-variates plot of specimens from 1 (W). northern Idaho, 2 (A), the Columbian White-tailed 
Deer National Wildlife Refuge in Washington and Oregon, and 3 (@), Douglas Co., Oregon. Function 1 ac- 
counted for 71.4% and Function 2 28.6% of the variation among the areas. Group centroids are indicated by 
numbers. Specimens from the three areas sorted into three distinct morphological groups; straight lines, drawn 
by eye, within the graph delineate the groups. Differences in shape of the cranium are characterized as follows: 
specimens from area 3 have overall shorter and narrower skulls than those from areas 1 and 2; and specimens 
from area | have a longer rostrum (as indicated by significantly longer nasals) and narrower cranium than those 
from area 2. 


decreasing from north to south. The lower 
Columbia River population had features in- 
termediate between those of the Idaho and 
Douglas Co. populations. Unlike black 


phology and climatic or other environmen- 
tal gradients (Kennedy et al. 2002), and dis- 
play substantial genetic dissimilarity among 
regional populations (Miller 1995). In our 


study, the pattern of cranial variation was 
somewhat similar to that reported for black 
bears (Kennedy et al. 2002) with skull size 
varying along a west to east gradient and 


bears (Miller 1995), however, there was no 
clear evidence of corresponding genetic di- 
vergences at one locus among the disjunct 
regional populations (Gavin & May 1988). 
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Gavin & May (1988) reported that white- 
tailed deer populations from the Pacific 
Northwest showed relatively low genetic 
divergence. In a large number of possible 
pair-wise comparisons Gavin & May 
(1988) found Nei’s (1971) genetic distances 
between O. v. borealis from New York and 
white-tailed deer populations from the Pa- 
cific Northwest (0.037) were an order of 
magnitude greater than genetic differences 
among white-tailed deer populations of 
Oregon and Washington. Moreover, white- 
tailed deer from Idaho showed less diver- 
gence from the Douglas Co. population 
than from the lower Columbia River pop- 
ulation. Genetic distances (Nei 1971) be- 
tween O. v. ochrourus from Oregon and 
Washington and O. v. leucurus in south- 
western Oregon, and between O. v. ochrou- 
rus and white-tailed deer from the lower 
Columbia River were 0.003 and 0.010, re- 
spectively. Also, they found that genetic di- 
vergence between O. v. leucurus popula- 
tions on the Oregon and Washington sides 
of the lower Columbia River (0.007) was 
greater than between sampled O. v. ochreu- 
rus populations in Oregon and Washington 
(Fig. 1), or between O. v. leucurus popu- 
lations in southwestern Oregon and O. v. 
ochrourus populations (0.002). 

Genetic and morphological data com- 
monly suggest different conclusions regard- 
ing taxonomy of mammals. Recent exam- 
ples include Ovis canadensis (Wehausen & 
Ramey 1993, 2000) and Sus scrofa (Genov 
1999), where separation of subspecies 
based solely on morphology (Cowan 1940, 
Genov 1999) was not supported by more 
rigorous analysis in conjunction with ge- 
netic data (Wehausen & Ramey 2000). The 
tendency has been to rely on molecular 
data, which presumably provides less am- 
biguous evidence. Ball & Avise (1992) pro- 
posed that subspecies are major subdivi- 
sions of the gene pool diversity of species 
where such subunits can be corroborated by 
independent, genetically based traits. Ac- 
cording to this view, subspecies should 
have distinguishing attributes that have an 


evolutionary basis (Wehausen & Ramey 
2000). 

We found white-tailed deer populations 
of Oregon and Washington distinguishable 
by cranial dimensions, but Gavin & May 
(1988) found no compelling evidence from 
an evolutionary basis for this variation. The 
putative historical ranges of O. virginianus 
populations in the Pacific Northwest (Bai- 
ley 1932, Grinnell 1933, Smith 1985, Wil- 
liams 1986, Gavin & May 1988) suggest 
that populations interbred freely. Before 
European settlement, white-tailed deer oc- 
cupied most of the riparian floodplains and 
other deciduous lowlands in western, cen- 
tral, and northeastern Oregon. The range of 
O. v. ochrourus extended from northeastern 
California (Grinnell 1933) north to west- 
central British Columbia and east to north- 
central Wyoming (Hall 1981, Smith 1991). 
In Oregon, O. v. ochrourus occurred in the 
Klamath Basin (Walsingham 1873), which 
is only about 100 km east of the southern- 
most range of O. v. leucurus in southwest- 
ern Oregon (Smith 1985). Throughout east- 
central Oregon, O. v. ochrourus occupied 
floodplain and riparian communities, fre- 
quenting deciduous woodlands and woody 
thickets associated with streams and marsh- 
es (Walsingham 1873, Cowan 1936). Sim- 
ilarly, O. v. leucurus occurred throughout 
the river valleys and other deciduous wood- 
lands of western Oregon (Smith 1985). The 
Cascade Range likely represented a barrier 
for free movement of white-tailed deer be- 
tween central and western Oregon; how- 
ever, opportunities for gene flow before Eu- 
ropean settlement presumably existed along 
the Columbia River and in south-central 
Oregon where river valleys cut through the 
Cascade Range at relatively low elevations. 
Without geographic isolation or strong se- 
lective pressures associated with markedly 
different environmental conditions (e.g., 
Wehausen & Ramey 1993, 2000), there is 
little reason to believe that historic popu- 
lations of white-tailed deer in Oregon (and 
the Pacific Northwest) were not a single, 
contiguous breeding population. 


VOLUME 116, NUMBER |1 


Today, circumstances are very different; 
the populations clearly are isolated from 
one another (Fig. 1). White-tailed deer in 
northeastern Oregon apparently have ex- 
tended their range westward and southward 
in recent years (Oregon Department of Fish 
and Wildlife, unpubl. data). Still, land use 
and natural barriers throughout central 
Oregon represent significant impediments 
to dispersal and natural expansion. Efforts 
to translocate deer may establish isolated 
local populations, but much of the native 
habitat in central Oregon has been modified 
(Verts & Carraway 1998). Moreover, avail- 
ability and connectivity of habitat in west- 
ern Oregon and along the Columbia River 
is such that future opportunities for natural 
or facilitated expansion are unlikely. This, 
combined with the potential competition 
from black-tailed deer Odocoileus hemion- 
us (Smith 1985), renders the likelihood of 
O. v. leucurus reoccupying significant por- 
tions of its historic range extremely low. 

We believe it is prudent to consider the 
question of taxonomy in the context of cur- 
rent circumstances rather than belabor what 
might have been. Neither earlier genetic re- 
search nor our morphological study pro- 
vides compelling evidence to warrant an 
unambiguous resolution of this question. 
Consequently, the current taxonomy, al- 
though not directly supported by either line 
of evidence, cannot be refuted with certain- 
ty. Nonetheless, the three populations are 
morphologically distinct, geographically 
isolated, occupy different habitats (Gavin 
1979, Smith 1985, Verts & Carraway 
1998), and likely represent unique gene- 
pool subdivisions of O. virginianus (Ball & 
Avise 1992, Wehausen & Ramey 2000). 
With these populations isolated and gene 
flow interrupted, genetic divergence may 
become significant in time (Avise 1994). 

Implications for recovery and conserva- 
tion.—Nomenclature shapes the view of 
how nature is organized (Avise 1994) and 
taxonomic units have become the founda- 
tion of conservation efforts (Cook & Mac- 
Donald 2001). Current taxonomy views 
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white-tailed deer populations of the lower 
Columbia River and Douglas Co. as O. v. 
leucurus, which may allow translocation of 
individuals from either location for the pur- 
pose of restoring populations in portions of 
its historic range. Our results do not support 
current taxonomy, but indicate that deer 
from the lower Columbia River and Doug- 
las Co. are morphologically distinct. Be- 
cause of geographic isolation and differenc- 
es in habitat, we believe that in time the two 
populations will become sufficiently genet- 
ically divergent to warrant separation into 
two taxa. For that reason, we think it is pru- 
dent to choose a conservative approach to 
restoring white-tailed deer in western 
Oregon and refrain from translocating deer 
from Douglas Co. (or eastern Oregon) to 
supplement populations along the lower 
Columbia River or establish populations in 
the Willamette River valley. 
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